The stability constants of the complexes of thallium(I) ion with glycine, alanine, valine, and penicillamine were determined in aqueous solution in 1.4spHs 9.5 at 0.1 mol dm" 3 ionic media and 25 °C using a combination of Potentiometrie and spectrophotometric techniques. Sodium Perchlorate was used to maintain the ionic strength. The compositions of the formed complexes were determined and it was shown that thallium(I) forms two mononuclear 1:1 species with the amino acids of the type T1HL and TIL". The logarithms of the cumulative stability constants, ßxy Z , of the complexes, [(metal ion) Ji (H)y(ligand) z ], are logßm and logß 10 , as: 2.71, 0.12 (for glycine), 2.51, 0.08 (for alanine), 2.67, 0.35 (for valine) and 12.81, 1.27 (for penicillamine), respectively.
Introduction
Thallium(I) and its salts have long been known to be poisonous to human beings [1] [2] [3] [4] , although radio-thallium is used in monitoring cardiac functions. This metal ion is rapidly and almost completely absorbed following ingestion, inhalation or skin contact [5] [6] [7] . After absorption in animals, thallium is widely distributed in the body. Both acute and chronic studies show that the highest concentration is found in the kidney [6] . The metabolic action and fate of thallium(I) is not clear. Due to some similarities between thallium(I) and potassium ions, such as ionic size, ΤΓ is able to replace potassium ions at their binding sites in biological systems [8] , and so has a cumulative poisoning effect. However, little attention has been paid to thallium(I) complexes with α-amino acids [6, [9] [10] .
The biological effects of thallium(I) have also been thought to be due to its interference with the metabolism of sulfur-containing compounds [11] . A sulfur-containing compound has been the main detoxifying drug used in the case of poisoning [6] . So, in order to understand thallium(I) sulfur-containing interactions better, an estimation of some stability constant values was attempted.
This work deals with the study of thallium(I) complexes by glycine, alanine, valine, and penicillamine and determining their stability constants at 25 °C and constant ionic strength 0.1 mol dm" J sodium Perchlorate. The formation and protonation constants of the formed complexes have compared with similar systems and interpreted.
Experimental Section
Chemicals. Glycine, L-alanine, L-valine, and L-penicillamine (Fluka, analytical reagent grade) were recrystallized from hot water, washed with ethanol, and dried over P2O5. Equivalent weights were checked by titration against standard alkali. The NaOH solution was prepared from a titrisol solution (E. Merck) and its concentration was determined by several titrations with standard HCl. Perchloric acid, sodium Perchlorate and thallium(I) sulfate were from E. Merck as analytical reagent grade materials and were used without further purification. Dilute perchloric acid solutions were standardized against standard NaOH solution. All dilute solutions were prepared from double-distilled water with specific conductance equal to (1.3 ± 0.1) μΩ' 1 cm" 1 . Apparatus. An Eyela pH-meter, PHM 2000, was used for pH measurements. The hydrogen ion concentration was measured with an Ingold UO 3234 glass electrode and an Ingold UO 3236 calomel electrode.
Spectrophotometric measurements were performed on a UV-vis Shimadzu 2100 spectrophotometer with a GDU-20 computer and using thermostated matched 10 mm quartz cells. The measurement cell was of the flow type. A Masterflex pump allowed circulation of the solution under study from the potentiometer cell to the spectrophotometric cell, so the absorbance and pH of the solution could be measured simultaneously. Measurements. All measurements were carried out at 25 ± 0.1 °C. The ionic strength was maintained to 0.1 mol dm" with sodium Perchlorate. The pH-meter was calibrated for the relevant H concentration with a solution of 0.01 mol dm" 3 
Results and Discussion
The complex M x H y L z (nx+y " z)+ formed, is characterized by its stoichiometry (x:y:z), where Μ and L represent the metal ion and each ligand, respectively. To determine the stability constant of the complexation or the protonation, eq 1 is defined by ßxy Z [13] ,
The protonation constant of the ligands have been used for computation of the stability constant, ßxy Z , of the metal-ligand. The protonation constants of the ligands have been extensively studied in different kinds of background electrolytes and the results were reported in the literature. The protonation constants of the ligands have been determined using Potentiometrie techniques and calculated using a computer program which employs a least-squares method [14] [15] . These values are listed in Table 1 together with the values reported in the literature, which are in good agreement with those reported before [16] [17] [18] . Table 1 . Protonation constants of glycine, L-alanine, L-valine, and L-penicillamine, ß 0 n and ßo2i (sulphydryl and amino groups) at 25°C and ionic strengths, I, 0.1 mol dm" (NaClQ 4 The method of determination of the stability constant based on the relation A = f(pH) [19] on account of the high stability of the complexes studied. The absorbance A,and -log[H + ] were measured for a solution containing Tl + with a large excess of each ligand, and the results are listed in Table 2 . Treatments of the spectrophotometric data (each 5 nm) obtained during the titrations as a function of the H + concentration were done by the computer program [15] . The program allows calculation of stability constants for different stoichiometric models. The degree of refinement then guides to choice between models.
Considering the protonation constants of the ligands, in acidic pH the predominant species for complexation is HL for glycine, alanine, and valine and H 2 L in the case of penicillamine. In this case the spectrophotometric titration data were analysed by using the absorbance of Tl + + each ligand at wavelengths in UV range that is given by A = ε Μ [ΤΓ] + e c [complex] (4) where ε Μ and e c are the molar absorptivities of Tl + and each ligand, respectively. For the mass balance
(6) where Cm and Cl are the total concentration of Tl + and each ligand, respectively, and h denotes the number of each ligand molecule bound to a metal ion. Substituting eqs 3 and 5-6 into eq 4 and rearranging and canceling like terms gives A= b m C m +(0.5/h)(e c -e M )(
The method of determining ε Μ was previously described [20] and its values at different wavelengths are used in this work. Using a suitable computer program [15] the data were fitted to eq 7 for estimating the formation constant of eq 2. The Gauss-Newton nonlinear least-squares method was used in the computer program to refine the absorbance by minimizing the error squares sum from eq 8 U = 2(ai-bi) 2 (i=l,2,3,...) (8) where aj is a quasi-experimental and b, is a calculated one. In the fitting program, where h is selected to one, U approaches to a minimum value, confirming the formation of a single complex with the formula T1HL + . If we define ε by eq 9, [21] ε = ε Μ Χ Μ + B c X c _ (9) through the rearrangement of eq 9, the average ligand number, n, can be calculated directly from eq 10. ~n = (ε -ε Μ ) / (e c -ε Μ ) (10) where X M and Xc are the mole fractions of the metal ion and the formed complex from each ligand, respectively. Calculation has shown that ~n equals to 0.98 (pH 4.72), 0.97 (pH 4.70), 0.97 (pH 4.35) and 0.999 (pH 6.74) for the complexes of Tl + by glycine, alanine, valine and penicillamine, respectively. The average values of the stability constants at different wavelengths for the formed mononuclear 1:1 complexes, βιπ, are listed in Table 3 . For finding the other proposed species, at higher pH, the spectrophotometric titration data were analysed by offering the following species to the computer program: TIL, TIHL 2 , TlH 2 L2 + ,Tl2H2L2 2+ ,
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Complexation ofThallium(I) with Glycine, Alanine, Valine and Penicillamine T1 2 HL 2 + , and T1L 2 ". As expected, all the proposed species were systematically rejected by the computer program except TIL. A value for T1H 2 L + . for penicillamine formation constant was calculated by the program, but the species was not further considered because the estimated error in its formation constant is unacceptable, and its inclusion does not improve the goodness of the fit. The model finally chosen, formed by T1HL + and TIL, for glycine, alanine, and valine, and TIHL and TIL" for penicillamine resulted in a satisfactory numerical and graphical fitting.
The second complex is apparently attributed to T1HL + U TIL + H + (11) and its stability constant, ß 10 i, was determined in the usual manner, using eq 12
where e c · is the molar absorptivity of TIL. The average values of βίοι for various wavelengths are listed in Table 3 . The values of proton-ligand stability constants of glycine, alanine, and valine are nearly the same. So, it can naturally be expected that their tendencies to form complexes should also be similar. This suggests that the same groups in the amino acids are responsible for the chelation. Evidently, the chelations take place by the amino and carboxylate groups with a simultaneous abstraction of the proton on the α-carbon group. Similar results were reported by Van Der Linden and Beers on chelation of mercury(II) complexes of amino acids [22] , and by Nourmand and Meissami on chelation of uranium(VI) and thorium(IV) with some amino acids [23]. Considering Table 1 , the results of the ligand-proton stability constants are typical of those which have been found for simple α-amino acids with the trends expected from inductive effects of the substituents explained by Nourmand and Meissami [23] . The values of logß 0 i 2 , decrease as the donor group changes from -NH 2 to -SH. This decrease parallels the order of decreasing basicity of the ligands. However, the possibility of a steric effect has been demonstrated by Lenz and Martell [24] for cysteine with logß 0 | 2 = 8.13 and that for penicillamie 7.88 in 0.1 mol dm" 3 KN0 3 . For penicillamine, the value is lower than that for valine due to the presence of an ionizable sulphydryl group with electron-withdrawing property. The protonation constant of valine is lower than those of glycine or alanine, because of the electron density associated with the nitrogen atom in valine being decreased relative to those of alanine and glycine, hence the weakening of N-H bond. For glycine, alanine, and valine the basicity order can also be explained in terms of larger size of valine than alanine (about 0.25 nm).
Complexes formed by thallium(I)-penicillamine are much more stable than those formed by the other three amino acids, and its logßm is higher about 10 log units than the others. This could be due to the involvement of three donor sites in penicillamine for complex formation, i.e. S su i p h y diyi, N amine , and O car boxyiatc and preference of thallium with sulphur donor atom. The same results were obtained by Bugarian and his coworkers [11] by a Potentiometrie studies of Tl(I)-cysteine system. They reported the formation of 1:1 complexes and no evidence for the presence of 2:1 species is given. In a recent publication [10] , we demonstrated Tl(I)-cysteine system and characterized the stoichiometry model of MHL and ML, and no evidence for formation of ML 2 species. Thallium(I), being a soft HSAB acid, will favour interactions with sulphur, nitrogen, and oxygen in decreasing affinity order. Thus, sulphur-containing compounds will form more stable thallium(I) complexes than those containing only nitrogen and oxygen as donor atoms. This assumption has been confirmed by the finding that the stability constant values of MHL and ML complexes formed by penicillamine are much higher than the corresponding one for glycine, alanine, and valine.
In Figure 1 the equilibrium distribution of various species in the ΤΓ-penicillamine system is shown as a function of -log[H + ]. The calculations are based on the stability constant values given before. This Figure shows when ~n value approaches to one the mole fractions of the complexes have the maximum values and very close to one.
